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Abstract.  Two greenhouse studies were conducted o investigate the relationship between water stress and N, fixation
amoeng drought-resistant and rusceptible cowpea [Vigna unguicnlata (1) Walp.] genotypes. In both experiments,
seeds were planted in 7.6-liter black polyethylene pots containing coinposted sawdust mediun: and were inoculated
with Rhizobium. Throughout the experiments, flowers were removed to mainiain vegetative growth, Water stress
treatments were imposed by withholding water, while the control plants were watered as needed. The treatments
were applied 58 and 56 days after planting (DAP) in the first and 2nd experiments., respectively. In both experiments,
feaf water potential (LWP), shoot Iresh weight (5FFW), shool dry weight (SDW), root fresh weight (RFW), nodule
fresh weight (NW), nodule number (NN}, and plant specific aetivity (PSA) by both in situ and destractive acetylene
reduction methods were measured. Repeated observations of in situ acetylene reduction were made 58, 63, and 71
DAP in the first experiment. All other variables were measured 77 to 78 DAP in the first experiment. Single obser-
vations of all variables, including in situ anc destructive acetyvlene vednction were made 56, 67, and 81 DAP in the
2nd experiment. Results suggested that resistant genotypes are capable of maintaining WP and biomass production
(as measured by SDW and SI'W) duriag water stiess. In additior, the effect of water stres. on N, fixation was far
greater than the influence of genotype when genotypes were seleeted for relative drought resistanee. Path analysis
revealed that LWP is correlated to N, fixation in water-stressed plants, and improvement of plant water status via
drought resistance should increase N; fixation potential under drotght conditions. Therefore, breeding for drought
resistance in conjunction vith N, fixation may be more beneficial than breeding strictly for N, fixation potential
without regard for environmental adaptation. Tne in situ method of acetylene reduction was found te be useful for

deteeting physiological changes due to water stress and estimating its genotypic N, fixation potential.

Nodulation and nitrogenase activity in cowpea are reduced
by drought-induced water stress, resulting in low N fixation as
well as reduced yields (2, 4, 9, 18, 22). In these experiments,
the effect of water stress on nodulation and nitrogenase activiy
of only one cultivar was reported (4, 22), or when several cul-
tivars were used, they vere of unknown drought resistance (2,
18). Nitrogen fixation is considered to he more sensitive to
water stress than to N uptake and assimilation of combined N
(8). The possibility of selecting cowpea rhizobial strains for
their capacity to recover from drought stress has been investi-
gated (21). However, since drought affects many plant processes
in addition to N, fixation, drought resistance of the cowpea host
plant also should be beneficial. The effect of water stress on
plant growth and N, fixation must be assessed to uetermine
whether iv is possible to increase N» fixation via drought resis-
tance.

Traditional methods of mcasuring nitrogenase activity have
involved destruction of the plant, which makes repeated obscer-
vations impossible. For certain experiments, it may be desirable
to measure environmental effects that clicit physiological changes
over a period of time. Therefore, a nondestructive in situ method
for measuring acetylere reduction was used similar to that re-
ported by Mahon and Salminen (0).

Turk and Hall (10) separated drought resistance into 2 com-
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ponents: drought avoidance and drought tolerance. Tney defined
drought avoidunce as the maintenance of high plant water po-
tentials during drought (3. 10) and drought tolerance as the
maintenance of plant function even when plant water potentials
are low due to drought stress (10). Drought avoidance in cow-
peas has been well documented (3,10, 18). The effect of drought
avoidance on N fixation, however, has not been well-defined.

The objective of the studies reported herein was to determine
the influence of water stress on the Na-fixation potential of
drought resistant and susceptible genotypes in order to assess
the value of drought resistance as o means of increasing N
fixation potential in cowpei,

Materials and Methods

Two greenhouse experiments were conducted to deterniine
the effect of water stress on Nj fixation. In the first experiment.,
14 genotypes. including 6 drought-resistant and 3 drought-sus-
ceptible (12-16), were planted on 21 Sept. 1981, The relative
drought-resistance potential of the resistant and susceptible
genotypes had been determined previously on the basis of shoot
biomass production in ficla experiments conducted during Sum-
mer 980 (1. The genotypes used in this study were selected
on the Basis ol their resistance or susceptibility. as well as seed
availability, and do not necessaeily represent the extrenies ob-
served.

Five chieck cultivars were grown tor comparison to exotic
genotypes. “Brown Crowder” and "Bush Purple Hull are high
and low No-fixing eenotypes, respectively (23), TX 101 and
TX 351 awe selections from “Bush Purple Huli® and “Brown
Crowder™. respectively. "California Blackeve No. 5° has been
used extensively in water stress research (7. 100 11, 223, Plants
were grown in 7.0-liter black plastic pots in composted sawdust.,
which has a low N content and is very porous. Seeds were
inoculated at planting with thic commercial mixed steain “EL™
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Table 3. The influcnce of genotype on leat water potential, Fall 1981,

Leal water

Genotype’ potential (bars)
Resistant?
TVu 129 -10.79
TVu 966 —11.68
TVu 1489 - 11.85
TVu 2157 -13.72
TVu 2319 - 1195
TV 4534 - 11.33
Mcan ~11.935
Susceptible
Purple Tip — 14,60
TVu 6441 -13.17
TVu 6565 -12.72
Mcun —13.50
Check
Brown Crowder —-13.37
Bush Purple Hull —11.63
California Blackeye No. 3 - 10.40
TX 101 selection =10.82
TX 351 selection ~-12.28
Mecian —i1.70
Sk (.82

“TVu members as cited in Cowpea Germplasm Catalog, No. [, 1974,
International Institute of “Tropical Agriculture, Thadun, Nigeria,

"\ contrist of resistant vs, susceptible genotvpes was significant at the
0.05 Tevel for leal water potential.

*sto= Standard error of a dilterence between 2 means.

although differences between cowpea lines for drought avoid-
ance have not been well-documented. The increased LWP val-
ues for check cultivars indicated that named cultivars possessed
atleast some drought avoidance taits. “California Blackeye No.
5" was the most notable example. Nevertheless, exotic gero-
types identified as resistant in this experiment and in previous
ficld experiments (14) may express specific drought avoidance
traits not present in commonly used named cultivars. Specitic
drought adaptation mechanisms in drought-resistant.  exotic
cowpea genotypes should be identificd.

Since in situ PSA was not measured in a sealed container as
with the destructive acetylene reduction assay, it cannot be as-
sumed that acetylene reduction measured at 10 or 60 min rep-
resents a cumulative total. In fact, in situ PSA was 0.37 and
0.29 wmol Cll-plant ', 10 and 60 min after injecting acety-
lene, respectively. Insitu PSA s, therefore, expressed as pwmol
CsHy-plant ' without & unit for time.

The interaction between stress treatment and genotype wis
found to be significant for only PSA mceasured by the in situ
mecthod in the first experiment (Table ). The largest differences
among genotypes were in the control treatment, with drought-
resistant genotypes. as a group, having lower in situ PSA than
either susceptible or check genotypes. In the stress treatment,
differences among genotypes were small, with all 3 groups hav-
ing similar levels of nitrogenase activity as measured by in situ
acetylene reduction. The most obvious differences between re-
sistant, susceptible, and cheek genotypes were noted when in
situ PSA in the stress treatment was expressed as a pereentage
ol reduction (Table ). Pesistant genotypes were not aftected
as severely by water stress s were susceptible genotypes. Cer-
tain resistant genotypes (TVu 129, TVu 1489, and TVu 2319)
were low N fixers in the control treatment, but their reduction
in Ny fixation due to water stress was minimal, These 3 geno-
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Table 4. The datluence of genotype and stress teatment on plant
specitic activity as measured by the in siw acetylene reduction method,
Fall 181,

Phint specific activi-
ty’

Stress treatments

Gunotype? Control Stressed Reduction (%)
Resistant
TVu 129 0,10 018 S
TVu 966 .52 (.20 62
TVu 1489 023 0.19 17
TVu 2157 0.34 0.18 47
TVu 2319 0.28 (0.234 14
TVu 4334 (.46 0.16 68
Meun 0.34 0.19 4
Susceptible
Purple Tip 0.51 0.15 71
TVUE 6441 0.52 0.22 58
TVu 63565 0.73 58
Mean .59 0.20 66
Check
Brown Crowder 0.56 0.20 64
Bush Purple Hull 0.54 0.14 74
California
Blackeye No. 5 0.65 0.23 05
TX 101 selection 0.48 0.22 54
TX 351 selection 0.5 0.23 57
Mcan (0.55 0.20 04
SEY .06

“Plant specific activity expressed as pmol CoH-plant !,

YTV numbers as cited in Cowpea Germplasim Catalog, No. 1, 1974,
International Institute of Tropical Agriculture. Ibadan. Nigeria,

“The interaction between genotype and stress treatment wis significant
at the (105 Jevel.

Usii = Standard error of a ditference between 2 meins.

types demonstrated some degree of drought avoidance by main-
taining LWP (Table 3) and PSA as measured by the in situ
method (Table 4). Given these experimental conditions, essen-
tiadly plants that were watered vs. plants not watered, an inter-
action between stress treatments and genotypes (selected for
their relative drought resistance) would seem likely, As previ-
ously mentioned, this interaction between genotypes and stress
treatments was not detected for PSA determined by destructive
acetylene reduction. These results illustrate the usefulness of in
situacetylene reduction for detecting changes in physiological
processes over time duce to environmental stress.

The value of the in site method for detecting gradual changes
in PSA during changes in environmental conditions is evident
in Fig. 1. Since the stress treatments beean at the date of first
harvest, no differences between stress treatments were apparent
at 58 DAP. However, Targe differences between stress treut-
ments were found at 63 and 71 DAP, suggesing that in situ
acetylene reduction was usclul for measuring the effect of grad-
ual water stress on N, fixation.

OF the Ny fixation variables studied, PSA appeared (o be
affected by stress toa greater extent than NW or NN, [lowever.
this effect is a retlection of the timing of stress induction and
the Tact that physiological processes. such as NUroLenase activ-
ity respond much more rapidly to stress than morphological
processes. such as nodulation and leal abscission. Also, stress
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Fig. 1. Plant specific activity as measured by the in situ method, 38,
63, and 71 days after planting, Fall 1981, The interaction between
stress treatment and date was significant at the (.05 level.
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may have become effective after the period of primary nodu-
faticn and nedule enfargement.

In the Spring 1982 experiment, ANOVA revealed significant
interactions between stress treatment and genotype for SFW and
SDW us well as REFW determined on 25 Mar., 5 Apr., and 1Y
Apr. 1982, Significant differences between resistant and sus-
ceptible genotypes were found for SEW and SDW. and resistant
genotypes had higher values than susceptible penotypes in the
stress treatment. When the genotype X stress treatment inter-
action was found to be significant. differences between resistant
and susceptible genotypes were distinet in the water stress treat-
ment; henee, genotypic means for shoot fresh and dry weights
of plants grown in the stress treatment are reported in Table 5.

Intraspecific variability for root exploration. a drought avoid-
ance mechanism, is suggested by the significant differences in
taproot length found between resistant and susceptible geno-
types (Tuble 5). Water stress reduced taproot length: however,
an interaction between stress treatments and genotypes was not
detected. Mean taproot length for plants in the control and stress
treatments was 171 and 149 mm, respectively. This difference
represents a 13% reduction. Although enhanced root exploration
has not been reported as a drought avoidance mechanism in
cowpei, evidence for differences between resistant and suscep-
tible genotypes for taproot length was found among the § geno-
types used in the Spring 1982 experiment. More specific and
precise technigues could be used to evaluate genotypic root ex-
ploration potential.

Interactions between sampling date aad stress treatment were
significant ‘or LWP, SFW, SDW, RFW, NW_ NN, and PSA,
as measured by in situ acetylene reduction. These interactions
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Table 5. The influence of genotype on shoot fresh and dry weight
and taproot length in the stress treatiment, Spring 1982,

Stress treatment

Shoot weight (1)

Genotype’ Fresh Dry Taproot length (mm)
Resistant”

TVu 129 28.7 5.7 167

TVu 966 29.0 4.0 165
Susceptible

TVu 6441 2009 34 112

TV 6505 21.7 2.9 K
Check

California

Blackeye No. 5 25.2 54 163

SEY 29 0.6 1.2

“TVu numbers as cited in Cowpea Germplasm Catalog, No. 1, 1974,
International Institute of Tropical Agriculture, lbadan. Nigeria,

YA contrast of resistant vs. susceptible genotypes was significant at the
0.05 fevel for all variubles. The interaction between genotype and
treatment win signiticant at the 0.05 level for shoot fresh and dry
weight.

‘st Standard error of a difference between 2 means,

were expected, sinee stress was imposed on the first harvest
date and its effects would be expected at harvest dates. In gen-
cral. large differences between treatments were not noted until
the final harvest date, suggesting that the onset of stress in this
experiment was sradual. At 81 DAP. mean SFW was 45.6 and
21.1 g for the control and stress treatments, respectively — for
a 544 reduction in SFW due to stress. Shoot dry weight at 81
DAP was 6.6 and 3.7 ¢ in the control and stress treatments,
respectively—a reduction of 4%, Mcan RFW was reduced from
[4.2 to 4.3 g as a result of the stress treatment for a reduction
of 70% at 81 DAP, compared to 32% in the previous experi-
ment. At 81 DAP, LWP was —9.0 and - 13.5 bars for cantrol
and stress treatments, respectively. Nodule number/plant was
83 and 38 for control and stress treatments, respectively, rep-
resenting a 54% reduction due to stress. Nodule fresh weight
was E71 and 0.31 ¢ in control and stress treatments, respec-
tively.

The interactions between sampling date and stress treatment
fos NN and NW were significant (Fig. 2). Differences between
stress treatments for NN and NW were not detected until 81
DAP. The decline of NN and NW indicated that nodule abscis-
sion may have occurred in stressed plants. In previous research
using peas (Piswm sariviem) and red kidney beans (Phaseolus
vilgariy 1), Wilson (19, 20) discovered that a reduction in soil
moisture levels resulted in nodule abscission. He suggested that
nodules ocated on small, fibrous roots would be more likely to
abscise than nodules on or near the taproot. Our observations
indicated that taproot nodules begin senescence and abscission
carlier than nodules on fibrous roots under both stress and non-
stress environments (13). The greater impact of walter stress on
NW . as compared to NN, suggests that either larger nodules
abscised first or that stressed nodules were shrinking due to a
foss of water. In general, ANOVA for both experiments indi-
cated that the effect of water stre.ss on Ns-fixation variables was
far greater than the influence of genotype.

A significant interaction between sampling date and stress
treatment was found for PSA measured by the in situ method.
While in situ PSA in both stress and control treatments de-
creased over time, the decline was greater in the stress treatment

1986.
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Fig. 2. Nodule weight and number, 56, 67, and 81 days after plant-

ing, Spring 1982.

than the control treatment between 56 and 67 DAP (Fig. 3). In
comparing the results of in situ acetylene reduction in both ex-
periments, in situ PSA of non-stressed plants increased over
time (DAP) during the Fall 1981 experiments, while it decreased
in the Spring 1982 experiment. Differei.ces in the phvsiological
age of the plants and in greerhouse temperatures may account
for the overall declines in PSA during the sampling period in
1982. Similar reductions over time were detected by the destrue-
tive method in the experiment with repeated observations. Plant
specific activity measured by the destructive method was 20.2,
8.8, and 6.9 pmol CsHy-plant "“hr-! 56, 67, and 81 DAP,
respectively. Plant specific activity from the destructive method
was 16.1 and 7.9 pmol C>Hy-plant™ "-hr ! in the control and
stress treatments, respectively, However, in situ PSA determi-
nation may have been more sensitive to stress, as illustrated by
the interaction between sampling daie and stress treatment (Fig.
3.

A significant interaction between genotype and stress treat-
ment was not detected for either in situ or destructive PSA.
Genotypic differences were found using both methods. Except
for TVu 6565, genotypic differences (as determined by the 2
methods) generally agreed (Table 6). In using the in situ method,
TVu 6565 was found to have the highest nitrogenase activity
but was in the middle range of activity when the destructive
method was used. These results were compared to that of a
previous experiment (13) and it appeared that TVu 6565 was
unusually low in PSA for the destructive method in the spring
experiment. This observation is supported vy the fact that TVu
6565 had the highest PSA as measured by both methods during
the Fall 1981 experiment (data not shown).

J. Amer. Soc. Hort. Sci. 111(3):451-458. 1986.
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Fig. 3. Plant specific activity as measured by the in situ method, 56,
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stress treatment and date was significant at the 0.05 level.

Table 6. The influence of genotype on plant specific activity as mea-
sured by destructive and in situ methods, Spring 1982,

Plant specific activity

Genotype’ Destructive? In situ*
California Blackeye No. 5 9.78 b¥ 0.18 ¢
TVu 129 8.89 b 0.17¢
TVu 966 i18.14 a 0.22b
TVu 6441 12.66 ab 0.23 b
TVu 6565 10.56 b 0.28 a
SEY 1.96 0.01

“TVu numbers as cited in Cowpea Germiplasm Catalog, No. 1, 1974,
International Institute of Tropicai Agriculture, Ibadan, Nigeria.
Yumol CaHy-plant “hr 1,

*umo! CaHgplant !,

*Mein separation within columns by Duncan’s multiple range test, 5%
level.

*sti = Standard error of a difference between 22 means.

Correlation coefficients between in situ PSA, destructive PSA,
NW, and NN were calculated (Table 7). The correlation cocf-
ficients between destructive PSA and in situ PSA sampled 10
and 30 min after injection with acetylene were 0.67 and 0.70,
respectively. Destructive PSA and in situ PSA were more highly
correlated with each other than destructive PSA and NW or NN
(0.62 and 0.42, respectively), or NW and NN (0.64). Nodule
weight and number, however, were more highly correlated with
destructive PSA than PSA mieasured by the in situ method.
Nevertheless, measurement of PSA by in situ acetylene reduc-
tion may be a relatively simple, rapid and nondestructive means
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Table 7. Correlation coefticients between plant specific activity mei-
sured by the in situ method, sampled 10 and 30 min after injection,
and the destructive method, nodule weight, and nodule number on
25 Mar., S Apr., and 19 Apr, 1982,

Plaat specific activity

In situ Nodule Nodule
(30 min) Destructive weight number
PSA in situ
10 min .93/ 0.67 0.36 (.36
30 min (.70 .37 0.34
PSA destiuctive 0.62 045
Nodule weight 0.6.4

“All correlition coefficients were significant at the 0.05 level,
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Fig. 4. Path analysis diagram on N, fixation variables studied.

for estimating N fixation. Although the in sit acetylene re-
duction procedure used was less sophisticated and simpler than
other published technigues (6). it was found to be quite useful
for detecting Jarge differences in PSA due to the stress treat-
ments in greenhouse-grown plants,

In order to ascertain which Na-fixation variables were most
important for determin.ng Ny fixation during water stress., path
~nalysis was used (5). The path analysts diagram in Fig. 4
depicts the development of N fixation in legumies. Path analysis
permits the partitioning of a total correlation coetticient into
several components including direct effect, numerous indirect
effects, and spurious effects (5) Path coeflicients were deter-
mined by path analysis for 3 groups of data, namely plants
assigned to cach of the 2 treatments and all data adjusted for
the eftects ol treatments. Adjustment for the effects ol treat-
ments was achieved by conducting a regression-type analvsis
with treatments and blocks as independent variables. Residuals
were used in the path analysis, alter the eltects of treatments
and blocks had been removed.

Results of the Fall 1050 experiment showed that while the
total correlation between NW and destructive PSA win high
(0.75 and 0.90). when data were adjusted for treatments and
for plants in the control treatment, respectively ., total correlation
wirs low in the stress treatment (0.16) (Table 8). In fact. the
direet effect of NW on PSA was negligible for plants i the
stress treatment. and indirect effects of NN were more important
thun NW in stressed plants. The direct effect of NN on PSA
was 0,48 in the stress treatment, but not as important in non-
stressed plants. Nodule weight had the largest (0.60) indirect
effect on PSA via NN in nonstressed plants. Root fresh weight

wits not found to be important in determining PSA in any of

the 3 groups of data. However, LWP was found to be important
when data were adjusted for treatments and Tor plants £rown in
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Table 8. Coefficicnts from path analysis of the relationships among
N fixation variables in stressed ind nosstressed plants, Fall 1981,

Correlation and path coctficients

Adjusted for

Vartables treatments Stressed Nonstressed
Nodule weight v, plant
specific activity
Dircet eftect 0.56 -0.02 (.83
Indirect effects via
Nodule number 0.13 0.24 0.02
Other vaniables 0.07 -0.06 0.05
Correlation 0.75 0.16 0.90
Nodule number vs. plant
specific activity
Direct effect 0.19 0.48 0.03
Indireet effects vius
Nodule weight 0.39 =).01] 0.60)
Leat” water potential 0.01 -0.12 0.03
Other variables 0.04 0.00 0.08
Correlation 0.62 0.16 0.90
Root fresh weight vy,
plant specific activity
Direct ettect (.07 .02 0.06
Indirect eftects via:
Nodule number 0.04 G6.10 0.01
Nodule weight 0.13 —-0.01 0.20
Nodule number-
nodule weight 0.08 0.00 0.17
Other variables -0.03 —0L02 ~-0.10
Correlation 0.30 (.09 0.34
Leal water potential v,
plant specific activity
Direct eftect 0.28 0).48 0.09
Indirect effects via:
Nodule weight 0.05 (1.00 0.10
Nodule number 0.01 -0.12 0.01
Nodule number-
nodule weight 0.01 0.00) 0,23
Other variables ~0.03 ~0.01 —0.10°
Correlation 033 0.36 0.33

the stress treatments. Correlations between LWP and PSA were
0.29 and 048, respectively. for data adjusted for treatments and
plants grown in the stress treatment. Factors other than 1WP
were more important for plants grown in the control treatment.

In the Spring 1982 experiment. NW was Tound 10 have o
large direct effect on PSA in all 3 groups of data (Table ).
Nodule number was not found to influence PSA greatly. exeept
for plants grown in the control treatment, where the direct effect
of NN on PSA wus almost as great as the indireet effect due to
NW. Path analysis revealed a crucial relationship between LWP
and PSA i all 3 proups of data in the 1982 experiment. In
stressed: plants. increased LWE was closely associated with higher
PSAL Evidence has been presented to suggest that intraspecific
variability for dronght avoidance and LWP ¢xists. Therefore,
drought resistant genoty pes that may maintain a high plant water
status should have higher N fination potential during water
stress than susceptible genotypes. The development of drought-
resistant cultivars should indireetly improve N fination poten-
tial.

Path analysis also revealed that stressed plants with increased
nodete number had increased PSA in the fall experiment. How-
ever. in the spring experiment. NW was the most importiant N

JoAmer. Soc. Hort, Scin TH3A51-458. 1986,
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Table 9. Cocflicients from path analysis of the relationships among
N fixation variables instressed and nonstressed plants, Spring 1982,

Correlation and path coetticients

Adjusted for

Variables treatments Stressed Nonstressed
Nodule weight vs. plant
specitic activity
Direct effect 0.62 (.71 (.58
Indirect effects via:
Nodule number 0.07 ~0.03 0.13
Root weight —-0.09 -0.05 -0.11
Other vanables ).08 0,09 0.07
Correlation 0.67 0.72 0.67
Nodule number vs. plant
specific activity
Direct etfect 014 -0.04 0,27
Indirect etfects via:
Nodule weight 0.34 0.406 0.28
Other variables 0.05 .07 0.04
Correlation (.53 0.49 0.58
Root fresh werght v,
plant specitic activity
Direct eltect -().25 -0.18 -0.28
Indirect eftects via:
Nodule weight 0.23 0.18 0.22
Nodule number 0.03 0.00 0.0y
Nodule number-
nodule weight 0.08 0.03 0.10
Other variables (3,03 —-0.02 008
Correlation 0.12 0.00 021
Leat water potential vs.
plant specific activity
Direct effect .29 0.29 .24
Indirect eftfects via:
Nodule weiglt 0.12 015 0.12
Other varables 0.07 0.07 0.08
Correlation .47 .51 0.43

fixation variable affecting PSA in both stressed and nonstressed
plants. Differences between the 2 experiments could be ex-
plained by the number of harvest dates involved. In the fall
experiment, measurements were mande once after plants had been
stressed for some time. In the spring experiment, mcasurcinents
were made over awider range of time during a period of gradul
witer stress imposition. In-addition, it is ditficult to impose
precisely a water stress at a particular stage of nodule devel-
opment. Afthough stress treatments were applicd at nearly the
same nwmber of DAP in both experiments. it is possible that
plants i the tall experiment were stressed at the time of pod-
ulation, while plants in the spring experiment were at & more
advanced physiological age. Furthermore. the extent of stress
in both experiments apparently was different. with plants in the
fall experiment experiencing stress at aless advanced physio-
logical age than thase in the spring experiment. The critical
isstue here is the recognition of different stages of nodule de-
velopment and how N fixation can be affected at cach stage.
[t is probably incorrect to state that stress at a particular stage
of growth is more or less detrimental to N fixation than stress
atanother stage. Stages of N fixation development in a legume
are interrelated and interdependent, and the importance of siress
at any stage of development cannot be underestimated.

The results of this study indicate that water stress has a strong
and negative impact on N~ fixation. In both experiments, the

o Amer. Soc. Hort, Scic THH3):451-158.  1980.

cffect of water stress on N» fixation variables was far greater
than the influence of genotype, when genotypes were selected
for refative drought resistance. Maintenance of LWP via drought
avoidance should increase Ny fixation potential during water
stress. Therefore, breeding for drought avoidance in conjunction
with N, fixation may he more beneticial than breeding for N,
fixation potential. Intraspecific variability in cowpei for several
drought avoidance mechanisms is suggested. thus offering the
potential to select and breed for enhanced drought resistance in
cowpea. Within the group of cowpea genotypes identified as
droughtresistant (14), it should be possible to identity additional
drought-avoidance mechanisms,
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